Audibility thresholds were measured at 500 and 4000 Hz with a standard clinical procedure and a two--interval, forced-choice (2IFC) adaptive procedure for 72 normal-hearing and hearing-impaired listeners, age 17 to 83. Psychometric functions were obtained for clinical, 2IFC, and Yes-No procedures. A measure of response bias was obtained from the Yes-No procedure. The 2IFC adaptive thresholds were 6.5 dB lower than audiological thresholds. The psychometric functions for the forced--choice procedures were generally shallower than those for the clinical procedure and were shifted to lower sound pressure levels. Response bias played a small role at best in accounting for the magnitude of the difference in threshold estimated by the adaptive and clinical procedures or for the differences among the psychometric functions.
Different procedures typically are used to assess pure-tone audibility thresholds in the clinic and in the laboratory. The clinical methods used most often are based on the classical method of limits, with modifications to shorten the test time and simplify the procedure. Most laboratory procedures, however, are based on modern psychophysical methods, with the two-interval forced-choice (2IFC) adaptive procedure being tile most popular. There are several differences between clinical audiological procedures (modified method of limits) and the 2IFC adaptive procedure. Some of these differences are in the way stimulus levels are varied to search for threshold, the step size, and the definition of threshold. The usual clinical threshold search strategy is to decrease the signal level following a positive response to a signal presentation and to increase the signa ! level following the absence of a response, using a 10-dB step for descending runs and a 5-dB step for ascending runs. Threshold is defined as the lowest level at which responses occur in at least half of a series of ascending trials with a minimum of either "three responses required at a single level" (ASHA, 1978) or "two responses out of three required at a single level" (ANSI, 1978) . With the clinical procedure, the location of the threshold on its psychometric function is unknown, but by definition, can be anywhere between 50% and 100%. The most common adaptive test procedures used in psychoacoustical research (Levitt, 1971 ) employ a uniform, small (e.g., 2 dB) step size for both ascending and descending trials and an adaptive strategy that places most of the observations as close as possible to a specified point on the psychometric function. For example, if the stimulus level is decreased after two correct responses at a given level, and increased after one incorrect response, the mean of the levels at the reversal points will provide an estimate of the level yielding 70.7% correct (Levitt, 1971 (Levitt, , 1978 .
There are four other major differences in the approaches used in the clinic and the laboratory. First, response bias is not assessed or controlled in clinical audiological test procedures. Although a lax response criterion may be inferred from false--positive responses, a conservative (strict) response criterion usually would not be noticeable, as tong as the responses were consistent and at somewhat reasonable levels given other test and observational information. The 2IFC adaptive procedures avoid the influence of response bias by asking the listener to indicate the interval in which the signal occurred rather than whether or not the signal was presented. The listener must, in effect, always answer "Yes", so the listener's criterion for saying "Yes" is less important. Second, the listener has more information available in the 2IFC procedure because it provides two observation intervals while the clinical procedure provides only one. Third, because the two observation intervals in 2IFC are typically defined by lights on a response box, the listener knows when to listen for the signal. In the case of the clinical procedure, no such cue is given and the observation interval is undefined. Fourth, feedback usually is used with the 2IFC adaptive procedure, but is not typically used with the clinical procedure.
Because the 2IFC adaptive and standard clinical procedures are so different, we would not expect pure-tone thresholds estimated with the two procedures to be the same. Although we would predict that thresho!ds would be lower with the 2IFC adaptive procedure due to such factors as control for response criterion, a defined observation interval, and a smaller step size, the magnitude of the difference between the two procedures is not known. The effect of response bias may be large (Harris, 1979 ), but has not been directly measured for clinical procedures, The effect of two observation intervals could be as large as 3 dB (Swets, 1959) , but is typically less in detection tasks (Jesteadt & Bilger, !974; Jesteadt & Sims, 1975) . The difference between thresholds obtained with defined and undefined observation intervals is thought to be about 2 dB (Watson & Nichols, 1976) . The effect of step size has not been systematically investigated. Feedback appears to be unimportant, at least when the signal is presented initially at a suprathreshold level (Campbell, 1965; Gundy, 1961) , While response bias may be an important source of differences in thresholds obtained with clinical and adaptive forced--choice procedures, neither procedure allows us to measure it. Signal-detection theory provides a way of independently measuring sensitivity and response bias (e.g., Green, 1970; Green & Swets, 1966; Swets, 1961) using a Yes-No procedure. In this task, a signal is presented on some trials, but not others, and the listener is required to make a binary decision: Is the signal present (signal plus noise), or is it absent (noise alone)? The analysis illustrated in Figure 1 is the same whether noise is mixed with the signal externally or generated internally (e.g., by variability in hair-cell transduction or more central processes). Repeated samples on the noise-alone trials result in the normal distribution of sensations shown on the left in Figure 1 . The signal is assumed to add a fixed increment (determined by the signal level) to the noise distribution without changing the variability, resulting in the normal distribution of signal-plus-noise sensations shown on the right. The subject should respond "No" when a sensation is so far to the left in Figure   1 that it could only have come from the noise-alone distribution of sensations and should respond "Yes" when a sensation is so far to the right that it could only have come from the signal-plus-noise distribution. Given a more intense signal, the signal-plus-noise distribution would shift to the right. There would, therefore, be less overlap of the two distributions, fewer trials on which the sensation was from the ambiguous region where the distributions overlapped, and a higher proportion of correct responses.
If we assume two normal distributions of sensations with equal variance, as in Figure 1, the z score of the mean of the signal-plus-noise distribution relative to the noise-alone distribution. Some subjects require a greater degree of certainty that a signal has been presented before they will respond "Yes." The degree of certainty can be expressed in terms of the likelihood that a given sensation came from the signal-plus-noise distribution relative to the likelihood that it came from the noise-alone distribution. A conservative criterion likelihood ratio is illustrated in Figure 1 . The ratio of the heights of the two distributions at the criterion point is 2.8. That is, the lowest sensation that will cause this observer to respond "Yes" is 2.8 times more likely to be associated with presentation of a signal than presentation of noise alone. An unbiased observer would adopt a criterion at the point at which the two distributions crossed, where the likelihood ratio was 1.0. This criterion likelihood ratio is referred to in the signal-detection-theory literature as 13. Values of 13 greater than 1.0, as in our example, indicate strict response criteria. Values of 13 less than 1.0 indicate lax response criteria. If listeners use a lax response criterion, the number of false-positive responses (false alarms) will increase; if they have a strict response criterion, the number of false alarms will decrease, but the number of hits will decrease as well. Either way, they will have fewer overall correct responses than they would if they were unbiased.
Harris (1979) speculated that criterion effects could result in a 10-to 15-dB error in clinical threshold measurements. Watson, Franks, and Hood (1972) observed that the range of criteria found in "psychologically normal young adult listeners" would represent a 3 to 6 dB range for pure-tone detection thresholds in procedures that did not control for response bias. Swets, Tanner, and Birdsall (1961) reached a similar conclusion. Because a 3--to 6-dB effect is relatively small, Watson et al. decided that a conservative response criterion usually should not be a problem for audiologists, but cautioned that some individuals, such as the elderly, may adopt an extremely strict criterion.
Previous research has shown that older listeners have a conservative response bias in auditory detection tasks (Craik, 1969; Potash & Jones, 1977; Rees & Botwinick, 1971) . The implication of this strict criterion for audiological procedures is that pure-tone thresholds obtained from elderly adults may be artificially high. Not only would this affect the validity of the obtained threshold, but it might also have an effect on suprathreshold tests based on sensation level, such as tone decay. If these effects are significant, then a whole body of literature, including aging norms, is in error.
In the present study, we measured hearing sensitivity with audiological and 2IFC adaptive procedures, re-spouse criterion with a Yes-No procedure, and obtained the associated psychometric functions for all three procedures in younger and older normal-hearing and hearing-impaired listeners. Our intent was to gain a better understanding of the relation between clinical thresholds and those obtained in research studies using 2IFC adaptive procedures and to determine the influence of response bias on clinical thresholds for different groups of listeners.
METHOD

Subjects
The four groups of listeners were young normal-hearing (n = 12), young hearing-impaired (n = 19), older normal-hearing (n = 10), and older hearing-impaired (n = 31). The age range was 17 to 35 years for the younger listeners and 60 to 83 years for the older listeners. The definition of normal hearing was based on a combination of a spondee-recognition threshold of 15 dB HL or lower in the better ear, and a total score of 0 on the Hearing Handicap Inventory for the Elderly (HHIE) (Ventry & Weinstein, 1982) . The total score on the HHIE can range from 0 to 100; the higher the score, the greater the perceived handicap. We used this approach for group assignment rather than the more traditional criterion of normal hearing (15 dB HL or lower pure-tone thresholds for octave frequencies from 250 to 4000 Hz) because we were interested in a possible relation between a cautious decision strategy and perceived handicap (e.g., Watson, Turpenoff, Botwinick, & Kelly, 1969) . All listeners with normal pure-tone thresholds had total scores of 0 on the HHIE as did some of the older listeners with slight or mild high-frequency hearing losses. The listeners in both hearing-impaired groups had sensorineural losses, most of which were bilaterally symmetrical, and there was a wide range of degree of hearing loss and HHIE scores.
Apparatus
Signals were produced by a function generator (Tektronix FG503), gated by an electronic switch (Grason-Stadler 1287B), split into four separate channels where levels were set individually using both manual and programmable (Charybdis) attenuators, amplified (Crown D--60 or D-75), and fed monaurally through TDH-39 earphones to listeners seated in a doublewalled, sound-attenuated room divided by single walls into four cubicles (IAC 1200). A Digital Equipment Cor.-poration PDP-11/23 microprocessor was used to control the programmable attenuators and the electronic switch, time the intervals, operate the response boxes, and record the listeners' responses.
Procedure
All data, including the standard audiometric thresholds, were obtained in the laboratory under computer control, using the same stimuli and response boxes. Subjects were tested in groups of four whenever possible.
The following data were collected for each subject: audiometrie and 2IFC adaptive thresholds at 500 and 4000 Hz, psychometric functions for audiometrie and 2IFC procedures at 500 and 4000 Hz, and the psychometric function (along with measures of 13) for the Yes-No procedures at either 500 or 4000 Hz (time did not permit both). Stimulus duration for all signals was 300 ms, with 10-ms rise-fall times. The test frequency was counterbalanced. The procedures were administered in the order listed below:
1. Audiometric procedure (AUD). The ANSI (1978) threshold search strategy was used for step size, sequence of intensities, and stopping rule. The interstimulus interval varied randomly between 1500 to 2000 ms. Responses were accepted from 100 ms after tone onset to 800 ms following tone offset. Although durations and rise times were shorter than those used by ANSI (1969 ANSI ( , 1978 , thresholds should be unaffected by these changes (Watson & Gengel, 1969; Wright, 1960 Wright, , 1967 . The shorter durations allowed more data to be collected for all procedures with uniform stimuli across procedures. 2. Psychometric function estimation for undefined observation intervals (as in the AUD procedure). The range from 10% responses to 100% responses was covered in 2--dB steps with 20 trials per level (shortened to 10 trials if responses were made either to 100% or to 10% or fewer of the first 10 tones). The starting level was the AUD threshold, as determined in Step 1. Intensity next was increased until a level was reached at which the subject responded to 100% of the stimulus presentations. The level then was decreased progressively beginning 2 dB below the starting point until a level was reached at which responses were obtained for 10% or fewer of the stimulus presentations. These measurements were completed five times, and the data were pooled across replications for later analyses. 3. 2IFC adaptive procedure to estimate the 71% correct point on the psychometric function (Levitt, 1971) . The observation intervals were 300 ms, and the interstimulus intervals were 400 ms. Prior to the threshold search, each listener was required to make five consecutive correct responses on the 2IFC task at 30 dB above the AUD threshold determined in
Step 1. Threshold determination was based on one 100--trial run and was obtained by averaging the third and subsequent reversals. Feedback was given following each trial. 4. Psychometric function estimation, using a fixedlevel 2IFC procedure with feedback. Three levels were tested concurrently in 72-trial blocks beginning at levels that were 2 dB above, equal to, and 2 dB below the adaptive threshold. If the listener was performing at chance or at 100%, the levels were adjusted accordingly for the next block of trials until three levels with 72 trials at each level were completed. Additional levels usually were added, time permitting. It also is possible to obtain psychometric functions by measuring thresholds repeatedly using an adaptive procedure, then reconstructing a psychometric function from the trial history. The fixed-level procedure allowed us to obtain an independent measure of the psychometric function and to avoid potential problems associated with trial-history reconstruction. For example, for the AUD search procedure, the step size is so large relative to the slope of the psychometric function that very few points could be obtained. For the 2IFC adaptive procedure, very few trials are collected at low or high levels, which may bias the psychometric function. 5. For the second frequency tested (which was 500 Hz for some subjects and 4000 Hz for others), a psychometric function was obtained and response criterion was estimated using a fixed-level, Yes-No procedure. Subjects were told that half of the trials would contain a signal and the other half would not. "Yes" and "No" were labeled on the response box. Prior to data collection, each listener was required to make five consecutive correct responses at 30 dB above the 2IFC adaptive thresholds obtained in Step 2. Three levels were tested during each block of 72 trials. For levels with d's ranging from 0.5 to 3.0, at least 72 responses were collected at each level. That is, each listener had a minimum of three blocks of 72 trials; more blocks (time permitting) usually were added. For most listeners, data collection was completed in two 2-hour sessions. On the first day, AUD measurements (threshold and psychometric functions) and 2IFC measurements (threshold and psychometric functions) were completed at one frequency. The 2IFC paradigm sometimes required considerable training (repeated instructions, clarification of confusions, and practice until the criterion in Step 3 was reached), particularly for some of the older listeners. On the second day, the AUD and 2IFC measurements were made at the other frequency, and the Yes-No data were collected at that frequency.
For the Yes-No procedure, 13d', and percent correct (PC) were recorded only for levels with a minimum of 72 trials. Previous investigators (e.g., Rees & Botwinick, 1971) have encouraged listeners to adapt more lax criteria so that they would make the false responses necessary in order to estimate d' and 13. We did not give listeners instructions concerning their criteria. Rather than omitting data for conditions where criteria were so strict that response bias could not be estimated, we entered a proportion equivalent to ~/2 trial (i.e., .0069 for a 72-trial block) in place of zero for false positive responses.
To estimate the effects of step size in the clinical procedure, we obtained thresholds using a 2-dB and 5-dB step size for 10 threshold measurements at 500 Hz with young, normal-hearing adults.
RESULTS
AND DISCUSSION
Response Bias and the Difference Between AUD and 2IFC Adaptive Threshold
Our initial hypothesis was that degree of response bias would play an important role in differences between AUD and 2IFC adaptive thresholds and that we would observe larger threshold differences in the groups containing older listeners, where response bias was thought to be a greater problem. Surprisingly, there were no differences in response bias between groups of listeners, as measured directly in the Yes-No procedure or indirectly by the difference between AUD and adaptive 2IFC thresholds. The difference between the clinical threshold and the 2IFC adaptive threshold averaged across 500 Hz and 4000 Hz for all 72 listeners was 6.5 dB (SD = 3.6). As a measure of response bias, we used the natural log of 13 (In 13) from the Yes-No procedure at the signal level for which the d' value was closest to 1.0. The log transform was necessary because for 13, a bias toward responding "Yes" ranges from zero to one, while a bias toward responding "No" ranges from one to infinity. For In 13, equal numbers of"Yes" and "No" responses result in a value of zero, while a large proportion of"Yes" responses or an equally large proportion of "No" responses result in equally spaced negative or positive values. The mean In [5 for the 72 listeners was 1.18 (SD = .86), indicating a conservative response bias regardless of which group the listeners were in. Although there were wide ranges of both response biases and threshold differences, there was no significant correlation between bias (In 13) and the mean difference between clinical and adaptive thresholds at 500 and 4000 Hz (r = -.165, p > .05). When the listeners were divided into two groups, those with response criteria measured at 500 Hz and those with response criteria measured at 4000 Hz, there was no difference in response bias between groups (In 13 = 1.14 for the 500 Hz group and 1.21 for the 4000 Hz group), and no significant correlation between bias and the AUD-2IFC adaptive threshold difference within either group (r = -.04 at 500 Hz; .08 at 4000 Hz). Bias was also unrelated to age, hearing loss, or perceived handicap (correlations between bias and age, spondee-recognition threshold, average hearing loss at 1, 2, and 3 kHz, and HHIE total score were .200, .004, .074, and -.014, respectively).
Additional analyses were completed to determine whether these low correlations were a result of experience with the 2IFC adaptive procedure. We might expect less response bias and a smaller AUD-2IFC adaptive threshold difference on the second day, as a result of training on the first day. The average differences for the first and second day were 6.6 and 6.5 dB, respectively. For a subset of 12 subjects (randomly selected), the AUD threshold was measured not only at the beginning of the first session but also following the 2IFC measurements at that same frequency. The listeners' experience with 2IFC procedures had no effect on AUD thresholds. The mean difference between clinical thresholds obtained before and after 2IFC measurements was -.29 dB. Although differences in Bekesy thresholds before and after 2IFC training have been reported previously by Watson et al. (1972) , their listeners had 24 to 30 hours of 2IFC training.
Given the findings of previous investigators, our results concerning response bias were rather unexpected. Possible explanations as well as more detailed descriptions of data analyses with respect to age and hearing loss will be presented in another paper.
Psychometric Functions
Criterion effects do not appear to be the major factor responsible for the 6.5-dB difference between audiological and 2IFC adaptive thresholds. By examining the psychometric functions associated with these procedures, as well as the one obtained with the Yes-No procedure, we can reach a better understanding of the relations among the procedures and the factors underlying the threshold difference.
For purposes of the remaining data analyses, listeners were combined into one group, irrespective of age or hearing loss. For each listener, the following data were available: AUD threshold with its associated psychometric function at 500 and 4000 Hz; 2IFC adaptive threshold with its associated psychometric function at 500 and 4000 Hz; and d', 13, and percent correct (PC) for the Yes-No procedure across several levels at one of the two frequencies.
In fitting psychometric functions for the AUD, 2IFC, and Yes-No data, perfect scores as well as chance scores were eliminated; that is, scores were accepted between 1% and 99% for the clinical procedure, and between 55% and 99% for the 2IFC and Yes-No procedures (where 50% is chance performance). Next, the percentage of correct responses (PCs) for the 2IFC and Yes-No procedures were convc.~ed to z scores, and straight-line, least-squares fits, weighted for number of trials at each level, were obtained. Fits also were obtained in this way for only the Yes-No trials in which the signal was presented, and for the AUD procedure, where a signal was presented on every trial. In these two cases, positive responses were treated as correct responses. In addition, fits were obtained for d' as a function of level for the 2IFC and Yes-No procedures. This could not be done for the clinical procedure because estimates of correct rejections and false alarms were not available.
In the psychoacoustics literature, it is common to correct data for response bias by computing d' for data obtained in a 2IFC, Yes-No, or Same-Different procedu" e, then converting the d' to the percent correct that would have been obtained in the absence of response bias. This quantity is generally referred to as PC--Max (Egan, 1965; McFadden, 1970) . In making comparisons across procedures in terms of percent correct, the z score fits will be referred to as PC functions while the d' fits will be referred to as PC-Max functions. Approximately 30% of the functions were not well fitted (r ~< .85). In most cases, this was because the data were nonmonotonic. Poor fits were not surprising, given the relatively small number of trials per point, and estimates from these functions were not used in later analyses. Different groups of listeners were used for various data analyses. For some analyses (such as the correlations given above), all 72 listeners were used. For analyses within each procedure using psychometric functions, we selected those listeners with good fits (r > .85) for d' or PC as a function of level (at both frequencies for clinical and 2IFC procedures). For the clinical procedure there were 70 listeners, for 2IFC there were 36, and for Yes-No, there were 46 (25 at 500 Hz and 21 at 4000 Hz). We refer to these listener groups as "Large Groups Within Each Procedure." Comparisons across psychometric functions for different procedures required that each listener have good fits for all possible functions (including PC and PC-Max fits for 2IFC and Yes-No) at the frequency for which Yes-No data were obtained. This stringent requirement reduced the number of listeners to 24 at 500 Hz and 13 at 4000 Hz. We refer to these two listener groups as "Small Groups Across Procedures."
Mean slopes across listeners for the different psychometric functions in the two "Small Groups Across Procedures" are shown in Table 1 . PC-Max (d') slopes could be computed only for the 2IFC and Yes-No psychometric functions. Therefore, most of our discussion of slope differences across procedures focuses on PC slopes, which are available for all procedures. Mean separations in dB at the 71%-point on the PC functions are shown in Table 2 . While a comparison at any one point across all psychometric functions ignores many differences between procedures, it is difficult to decide what points are equivalent without using the data themselves as the basis of that decision. Given that a comparison is to be made at the same point on all functions, the degree of separation will be influenced by the point that is selected. We chose the 71%--point because the adaptive procedure is de- Figure 2 . The slopes of all of these functions are within one standard deviation of the mean values given in Table 1 . Their Y-intercepts are all within one standard deviation of the corresponding mean intercepts. While our conclusions concerning the relations among functions will be based on the information in the tables, most of these relations are illustrated in Figure 2 .
In general, psychometric functions for the forcedchoice procedures (2IFC adaptive and Yes-No) were shallower than those for the AUD procedure and were shifted several dB lower in intensity. The 2IFC and Yes-No functions were similar, except that the 2IFC function usually was slightly to the left of the Yes-No function. The forced-choice function most similar to the clinical procedure was obtained by considering only those Yes-No trials in which the signal was present (YN-Sig). Omitting those trials in which the signal was absent resulted in a PC that reflected only hits, rather than both hits and correct rejections. Note that the fiat slopes of the 2IFC and Yes-No forced-choice procedures are due in part to their limited range. Even though both the Yes-No and YN-Sig functions were obtained from the Yes-No procedure for the same range of levels, the YN-Sig function changes from 1 to 99%, whereas the Yes-No function only changes from 55-99%.
In the following sections, we will examine the slopes and positions of the functions in greater detail in an effort to estimate the relative importance of several of the differences between clinical and laboratory procedures noted in the introduction. These include response bias, the difference in the number of observation intervals, identification of observation intervals, step size, and definition of threshold. I  I  I  I  I  ,  I  ,  I  I  ,  I  ,  I  ,  I  ,  I  I  ,  I  ,  I  •  I  ,  I   5  10  15 20  25  5  i 0  15 20  25  30  35  40  45  50 Sl GNAL LEVEL (dB SPL) 
Response Bias
Effects of response bias can be observed in Table 1 by comparing PC and PC-Max functions for the same procedure. If there was no bias, the PC slope (z/dB) would be one-half of the PC-Max slope (d'/dB). Both functions should intercept the X-axis at the same location (intensity level where performance is at chance (i.e., 50% correct, or 0 z and d') regardless of bias. When transformed from z or d' units to PC, the two functions should coincide. For our data, the 2IFC PC and PC-Max functions showed the expected unbiased pattern. The slope of the PC function was one-half the PC-Max slope, and the X-intercept was essentially the same for both PC and PC-Max functions (0.2 dB difference for the 500-Hz group, 0.4 dB for the 4000-Hz group).
We would expect the response bias in the Yes-No PC function to reduce the slope relative to the Yes-No PC-Max function (PC slope less than one-half of PC,--Max slope) because response bias reduces the proportion of correct responses, especially at higher percents correct. As stated previously, the X-axis intercept should not be affected by bias. In our data, however, the Yes-No PC slope was increased relative to the PC-Max slope, and the X-axis intercept for the PC function was 1.4 dB greater than the intercept for PC-Max. A shift in 3 across levels I discussed below) was responsible for the unexpected slope and intercept results. The shift in response bias across levels also may be responsible for the fact that the Yes-No PC slope in Table 1 is slightly steeper than the 2IFC slope.
The effect of response bias in dB can be estimated by comparing the difference between PC and PC-Max versions of the Yes-No function. The mean difference across frequencies between biased and unbiased 71% correct points was only 1.2 dB. Thus, respons e bias had a minimal effect, at least for the Yes-No procedure.
It is possible that response bias may have been greater in the AUD procedure, where there were no catch trials, than in Yes-No. Without catch trials, we have no direct measure of response bias. We do know that the difference between the AUD threshold (which could be influenced by response bias) and the 2IFC adaptive threshold (which should not be influenced by response bias) was uncorrelated with any measure of bias we have available.
Number of Observation Intervals
The difference between the Yes-No and 2IFC PC functions at 71% correct in Table 2 is 1.3 dB. Because the effect of response bias in the Yes-No data was 1.2 dB, only about 0.1 dB of this difference can be attributed to the difference in response intervals. Signal detection theory predicts a larger interval effect, corresponding to a performance ratio for 2iFC to Yes-No of X/~ or 1.414 (e.g., Robinson & Watson, 1972; Swets, 1959) . The statistical basis for the X/2 correction is that the listener can make a decision based on the distribution of differences between the two intervals. Swets (1959) found equivalent d's between Yes-No and 2IFC, after using the k/2 correction for 2IFC, for pure-tone detection in noise. To assess the validity of the X/2 correction factor between one and two intervals for detection in quiet, we calculated d' for Yes-No in the standard manner and d' for 2IFC in the same way, without using the ~ correction. If the k/2 correction factor is valid, for the same d ~ there should be a 3-dB difference between Yes-No and 2IFC signal levels required for a d' of 1.0 (e.g., Clarke & Bilger, 1973) , the slope ratio of 2IFC/Yes-No should be 1.414 (e.g., Jesteadt & Bilger, 1974) 
Defined Observation Intervals
The effect of defined observation intervals can be estimated by comparing AUD to YN-Sig. In both cases we have PCs for a single-interval task for trials on which a signal was always presented. The difference is that observation intervals were clearly defined in the latter case and that signal trials were accompanied by an equal number of catch trials. The 2.7-dB difference between these two functions in Table 2 is close to the 2-dB difference for defined and undefined observation intervals reported by Watson and Nichols (1976) . The mean slope of the AUD psychometric functions in Table 1 was slightly steeper than that of the YN-Sig functions. An increase in uncertainty, due to lack of knowledge about the time of occurrence of the signal, can result in steeper slopes (Green, 1960) and may be responsible for this difference.
Step Size
The effect of the difference in step size between clinical and laboratory procedures can be estimated by comparing thresholds obtained using the standard clinical procedure with a 5-dB step size to those obtained with a 2-dB step size. The mean threshold for the clinical procedure with a 2--dB step size was 1.g dB lower. The threshold obtained with the clinical procedure must, by definition, be one of the levels tested. If we had obtained 2IFC adaptive thresholds with a 5--dB step size, then the resulting thresholds probably would not have been higher than the ones obtained with a 2--dB step size.
Step size is less important in procedures where the definition of threshold involves interpolation between the levels actually tested. This is the case for the 2IFC adaptive procedure, where threshold is defined as the mean of the levels at which reversals occur.
Definition of Threshold
The ASHA (1978) and ANSI (1978) definitions of threshold for the AUD procedure cited in the introduction do not refer to a specific point on the psychometric function, but clearly are designed to identify the lowest signal levei at which the listener will respond positively at least hal{ the time, that is, a level at or above the 50% point. The most common decision rules for forced-choice adaptive, procedures are designed to estimate the 71% point on the psychometric function. The two psychometric functions, however, are not equivalent. As we noted above, the AUD function ranges from 0 to 100% while the 2IFC function ranges from 50 to 100%. Although there are problems in treating the midpoints of these two functions as if they were equivalent (Swets, 1961) , it is a good first approximation. Thus, thresholds at or above 50% on the AUD function would correspond to thresholds at or above 75% on the 2IFC function, and we would not expect these to be too distant from thresholds at 71%. Several other differences between the procedures are probably more significant than the fact that they are estimating different points on their respective psychometric functions.
Location of Thresholds on Psychometric Functions
Having examined differences in the AUD and 2IFC adaptive thresholds and differences in their corresponding psychometric functions, it is important to ask where the thresholds actually fail on the psychometric functions for those same observers. Distributions of the positions of AUD and 2IFC adaptive thresholds on their corresponding psychometric functions for "Large Groups Within Each Procedure" are shown in Figure 3 . The mean position of the AUD thresholds corresponded to 98.1% at 500 HZ and 85.2% at 4000 Hz. For some listeners, the AUD threshold was at a 
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FIGURE 3. Location of audiometric and 2IFC thresholds on their respective psychometric functions at 500 and 4000 Hz. Thresholds at a higher level than the 100% point on the associated psychometric function are plotted as >100%. m P level above that where they responded 100% of the time in the AUD psychometric function procedure. The mean 2IFC adaptive threshold corresponded to 72.3% at 500 Hz and 80.9% at 4000 Hz. As the distributions indicate, the variability across listeners was large. The location of the AUD threshold on its psychometric function was not surprising, given the 5--dB step size and a psychometric function whose entire range is only 12 dB (from a z of -3 standard deviations to a z of +3 standard deviations at a rate of approximately 0,5 z per dB). However, the 2IFC adaptive thresholds were expected to be at 70.7% but instead were slightly higher. Similar results have been reported by Kollmeier and Gilkey (1983) . It is also informative to ask where criterion points fall with respect to the Yes-No psychometric function. Listeners can maximize correct responses in the Yes-No procedure by using a 13 of 1.0 (In [3 of 0) for all signal intensities. However, listeners are unlikely to adopt this strategy when three signal levels are intermingled within a block of trials. To maintain a fixed 13 would require a separate criterion poin{ along the decision axis for each signal level. A more likely possibility is that listeners use a fixed decision point, independent of changes in d'. This hypothesis can be tested by expressing the resp0nse-bias data in terms of the position of the criterion point along the decision axis in d' units. We refer to this measure as C, by Berliner and Durlach (1973) and Jesteadt and Bilger (1974) , but equals zero at the mean of the noise-alone distribution rather than at the point where the two distributions cross.
The 13s from all listeners with data at three levels (taken from the "Large Group Within the Yes-No Procedure") were transformed to C. For those listeners with four or five levels, the most extreme values were omitted. Decision distributions for the mean values old' and C (n = 41) are shown in Figure 4 . Listeners used a fixed criterion point along the decision axis rather than a fixed-J5 strategy. Because the decision point is fixed at a fairly high level on the noise distribution, (C = 1.55, averaged across the three levels), the listeners appear to show a conservative response bias at signal levels where d' is low or moderate (i.e., d' = 1.55). The point on the Yes-No psychometric function corresponding to C was 78.0% for 500 Hz (n = 27) and 79.1% for 4000 Hz (n = 14). The mean C across all levels for all 72 listeners corresponded to 78.4% at 500 Hz (n = 37) and 79.3% at 4000 Hz (n = 35). Listeners in general prefer to say "Yes" when the signal is at a level where it can be detected about 79% of the time or more, and prefer to say "No" when the signal is less detectable. Thus, if listeners are tested at about the 79% point on the psychometric function, they will seem unbiased. 
DECISION AXIS (d' UNITS)
FIGURE 4. Schematic representation of the decision process for three signal levels for the Yes-No procedure. As indicated by increasing d', signal level increases from the bottom to the top panel. For most listeners, the difference between adjacent levels was 2 dB (-+ 1 dB). !3 is the likelihood-ratio measure of response criterion and C is a decision-axis measure. As in Figure 1 , the dashed vertical lines are the means of the noise and the signalplus-noise distributions, and the solid vertical line marks the criterion point. The criterion remains fixed with respect to the noise distribution while the signal-plus-noise distribution shifts with signal level.
The most important factors appear to be the use of defined observation intervals in the 2IFC adaptive procedure (2.7 dB), the use of a smaller step size (1.2 dB), and control for response bias (1.2 dB). While it is possible that the effect of response bias in the AUD procedure may have been underestimated, it does not appear to play a major role in accounting for the differences in threshold estimates. Because the 6.5-dB difference between clinical and laboratory procedures is not a function of test frequency, degree of hearing loss, or age, the difference does not present problems for either research or clinical practice in most situations.
Summary of Differences Between AUD and 2IFC Adaptive Thresholds
A number of factors contribute to the average difference of 6.5 dB between AUD and 2IFC adaptive thresholds. this manuscript, and Theresa Langer helped with many of the figures. This work was completed while the first author was an NIH Institutional Postdoctoral Fellow at the Boys Town National Institute. The work was supported by the University Committee on Research at the University of Nebraska at Omaha and by grants from NIH to the Boys Town National Institute.
